Sequences of positions for the placing of the positive stimulus in a 2-choice visual discrimination task as constructed by Gellerman are examined by means of a hypothesis-analysis technique and are found to be unsatisfactory on 2 counts: (a) They fail to ensure that no position hypothesis will produce other than chance performance on the learning curve, and (b) they fail to prevent the differential reinforcement of position hypotheses. A new set of sequences is proposed which satisfy these conditions. Suggestions are made as to the combination of these sequences for use in relatively long discrimination tasks.
A major problem for the experimenter in analyzing the data from two-choice visual discrimination experiments is to decide whether fluctuations in the discrimination learning curve away from chance represent genuine changes in the subject's behavior with respect to the discriminative stimuli or whether they are attributable to behavior in response to some other feature of the situation. To make this decision easier, an attempt is usually made to randomize the relation between the rewarded stimulus and any potentially interfering source of stimulation, so that systematic behavior with respect to irrelevant stimuli can only produce chance performance on the learning curve.
Among the strongest irrelevant stimuli operating in a visual discrimination task are the positions occupied by the discriminative stimuli. Position habits are a common feature of the presolution behavior of many animals (Reese, 1964; Sutherland, 1961) and children (Reese, 1963) . Hence it is important that the experimenter chooses a sequence of positions for the placing of the positive stimulus which will prevent better, or worse, than chance performance arising from systematic behavior based upon position, and which will also prevent the accidental reinforcement of any such behavior. Gellerman (1933a) argued that the usual method of determining such sequences often allows various incorrect habits, such as position alternation, to produce an accuracy of performance as high as 70%. Gellerman attributed the general uncertainty about where to put the criterion for learning to the faulty selection of orders of alternating stimuli. To remedy this situation he laid down five criteria necessary to ensure a random sequence and selected 44 10-trial series which satisfied the criteria.
Gellerman's objective was simple and practical. He hoped to combat the influence of position perseveration, position alternation, and double alternation habits upon the discrimination learning curve. Since Gellerman's paper, interest in the systematic presolution behavior of a subject on a discrimination task has grown considerably, and some very sophisticated and detailed methods of performance analysis have been developed (Bowman, 1963; Harlow, 19SO; Levine, 1959 Levine, , 1963 Levinson & Reese, 1963; Moon & Harlow, 19SS) . This has led to a much more precise knowledge of the systematic methods of responding available to a subject in a two-choice discrimination task. It is hardly surprising, therefore, that when this new knowledge and these new techniques are used in the analysis of performances on tasks using Gellerman's series, certain irregularities are revealed (Fellows, 196S) . Since Gellerman's series are still widely used to determine the sequence of positions for the positive discriminative stimulus and also recommended for use (Bijou & Baer, 1960, p. 170; Hilgard, 1951, p. 533; Sutherland, 1961, p. 23 
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POSITION HYPOTHESES
First, what are the main position-based methods of responding, or "hypotheses" (Krechevsky, 1932) , which any sequence of positions for the positive stimulus must attempt to combat? Levine (1959 Levine ( , 1963 included four position hypotheses in his analysis. These are shown in Table 1 .
Each hypothesis consists of two complementary "strategies." Each strategy is denned in terms of the position (1 or 2) responded to on one trial, the outcome (+ or -) from this, and the position responded to on the next trial. We may distinguish the "prediction hypotheses" (winstay lose-shift and win-shift lose-stay) which are determined by the outcome, from the "response-set hypotheses" (perseveration and alternation) which are independent of the outcome (Levine, 1963) .
There are other possible strategies and other possible hypotheses, but as yet their influence upon two-choice discrimination performance has not been experimentally assessed. On the other hand, the four hypotheses in Table 1 are frequently observed in presolution discrimination behavior. For example, position perseveration has been noted in rats (Krechevsky, 1932; Lashley, 1929, p. 135) , chimps (Gellerman, 1933b) , children (Hively, 1962; White, 1964) , retardates (Ellis, 1958) , and elderly people (Levinson & Reese, 1963) . Position alternation, though not often observed in monkeys (Reese, 1964) , has been found in rats (Lashley, 1929) and (Gellerman, 1933b) , and is a common feature of child behavior (Reese, 1963; Schusterman, 1963) . The prediction hypotheses have not been the subject of analysis until recently, but win-stay lose-shift has been found in 3-year-old (Schusterman, 1963) , 4-year-old (Levinson & Reese, 1963) , and 5-year-old children (Fellows, 1965) , and in chimps (Schusterman, 1963) .
This evidence indicates that these hypotheses should be controlled for in discrimination experiments. Gellerman (1933a) also tried to control for the double alternation hypothesis. In this, two consecutive responses are made to each position alternately. However, the low incidence of this hypothesis in subsequent experiments excludes it from the present list.
METHOD OF ANALYSIS
There are two effects we wish to combat: (a) a better, or worse, than chance performance, measured in terms of correct responses against trials, occurring during the operation of a position hypothesis; and (b) the accidental reinforcement of position hypotheses. It is important to consider these two effects separately because to allay one is not necessarily to allay the other. For example, though the sequence 2221121211 prevents a discrimination performance differing significantly from chance occurring as a result of the subject's adoption of any one of the above hypotheses, by having a run of five consecutive alternations it does run the risk of strengthening the alternation hypothesis. This is demonstrated by means of an analysis of the sequence as shown in Table 2 . Table 2 shows what would happen in terms of outcomes (+ or -) following the adoption of any hypothesis for the whole sequence. The performance score indicates the number of correct responses yielded by each hypothesis. The uniformity of the performance scores demonstrates the success of the sequence in keeping the performance around chance level (a score of 5). The reinforcement score is an attempt to indicate the extent to which each hypothesis is reinforced by the sequence. The + and the -scores are obtained by adding the +'s and the -'s cumulatively when they appear in runs. So, for example, the first + in a run of +'s counts 1 to the + score, the second counts 2, and the third 3, and so on. After a break, the scoring begins at 1 again. The total reinforcement score is the sum of the + and the -scores. Using this index, it can be seen that the sequence tends to reinforce quite strongly the alternation hypothesis which begins with a response to Position 1. The win-shift lose-stay hypothesis which begins with a response to Position 2 is also reinforced to a less extent.
Considering the importance of this reinforcement measure in the present argument, it would be worthwhile to inquire briefly into its theoretical status. The main assumption of this index is that a cumulative score matches more closely the probable effects of reinforcement than a simple summing of scores. This formulation follows the Hullian position on the quantitative effects of reinforcement. Hull (1943, p. 114) , in Postulate 4, argued that increments from successive reinforcements summate to yield a combined habit strength. This implies that a run of consecutive reinforcements has a greater strengthening effect than the same number of reinforcements interspersed with nonreinforcements. Though the present measure differs from Hull's growth function, it does serve to emphasize the cumulative effects of reinforcement.
There remains the empirical question of whether in fact such short runs of consecutive reinforcements are sufficient to fixate a hypothesis and make it difficult to change. The belief is that they are (cf. Sutherland, 1961, p. 23) , though actual reported evidence is difficult to find. Fellows (1965) has observed a number of instances in the twochoice behavior of children of the establishment of a strong position habit following a relatively short run of reinforcements, particularly at the outset of a task.
Finally, it may seem odd to talk of the effects of reinforcement upon behaviors such as position perseveration and alternation which are apparently independent of outcome. There is, in fact, no conflict here since what probably happens is that the consecutive reinforcements initially establish a response set which is subsequently maintained by intermittent reinforcement.
ANALYSIS OF GELLERMAN'S SERIES
The stimulus sequence analyzed in Table 2 was Number 1 of Gellerman's list. If the same method of analysis is applied to the other 43 of Gellerman's series, a large proportion of them are found to be unsatisfactory.
Considering first the effect of the adoption of a consistent position hypothesis upon the level of performance, all but two of the series have a bias towards position alternation (a performance score of 6). Though in an individual sequence the effect will be slight, in a relatively long task involving many series the effect will be magnified to produce a final performance score giving a false picture of the whole performance. For example, Fellows (196S) employed six Gellerman series in succession in a 60-trial discrimination task and discovered that subjects having a tendency to alternate produced better than chance scores, though at no point were they discriminating the stimuli. All Gellerman's series have satisfactory performance scores on the other three position hypotheses. However, it may be noted that a number of the sequences have a strong bias towards the double alternation hypothesis. For example, on series numbers 7, 13, 32, and 38, double alternation would produce a level of performance of 90%. This is surprising in the light of Gellerman's Criterion 5 which stated, "The series must offer a chance score of SO per cent correct from either simple or double alternation of response [1933, p. 207] ."
Turning to the possible reinforcing effects of the stimulus sequences upon the position hypotheses, as measured by the total reinforcement score, we find that the majority have a strong bias towards position alternation. For example, there are four sequences (series numbers 1, 3, 42, and 44) that have reinforcement scores of +11 on alternation. There are another 12 sequences that have scores of +8, and 6 sequences with +6. Many of the series also have a reinforcement bias towards the win-shift lose-stay hypothesis. All this implies that the experimenter using a succession of these series runs a risk of reinforcing a tendency in his subjects to respond either on the basis of position alternation, or perhaps in accordance with the win-shift lose-stay hypothesis, SOME NEW STIMULUS SEQUENCES The task now remaining is to make up the deficiencies of the Gellerman series by means of some new, more satisfactory sequences for the positioning of the positive discriminative stimulus. The objectives are (a) to ensure a chance level of performance from any of the four position hypotheses, and (6) to minimize the reinforcing effects upon these hypotheses.
Purely random sequences probably would not satisfy these requirements, for in such sequences there is a chance of fairly long runs occurring that are consistent with some hypothesis. Instead, 72 12-trial sequences were constructed, each of which contained the following subsequences: 1, 11, 111, 2, 22, 222. The limit of three for the length of a run is one which is normally accepted for relatively short sequences (cf. Gellerman, 1933a) . As Sutherland (1957) has demonstrated, it is always possible to analyze the performance to find out whether the subject has made use of this arbitrary limitation on the serial order of changes of position.
Each of these 72 sequences were examined according to the method of analysis outlined above, and 24 were selected which satisfied the following criteria: (a) total performance scores of 6 for the perseveration and the alternation hypotheses, and of 5, 6, or 7 for the outcome hypotheses (this variance in scores being unavoidable); and (b) total reinforcement score of 0 for the perseveration hypothesis, a maximum of 4 for the alternation hypothesis, and a maximum of 5 for the outcome hypotheses. None of the Gellerman series satisfies these conditions.
The 24 most satisfactory sequences for the positioning of the positive stimulus in a two-choice discrimination task are as follows: The performance (P) and total reinforcement (R) scores for each sequence on each hypothesis are shown in Table 3 . Table 3 shows only the scores for those hypotheses beginning with a response to Po- sition 1. The corresponding scores for hypotheses beginning with a response to Position 2 are easily calculated from the data shown in the table. It will be noticed that the members of the pairs of Sequences 1 and 2, 3 and 4, S and 6, and so on, are identical except that Position 1 in one of the pair corresponds to Position 2 in the other. Gellerman's Series 1 and 44, 2 and 43, etc., are also equivalent in this way.
From Table 3 it can be seen that the sequences have been ranked from 1 to 24 depending upon how well they satisfy the above conditions. Thus, Sequences 1 and 2 are the most satisfactory, and 23 and 24 the least.
In combining these sequences for long discrimination tasks, some care must be taken to see that the new sequence also satisfactorily meets the necessary requirements. On the whole, the best combinations are made by joining sequences ending in 11, 22, 12, and 21, to others beginning 22, 11, 21, and 12, respectively. Table 4 shows those pairs of sequences which make the best combinations.
The table shows the most satisfactory combinations in four groups. The figures in brackets refer to how the sequences in the first column of each group end (-11, -22, -12, -21) , and how the sequences in the second column begin (22-, 11-, 21-, 12-) . Any sequence from the first column of a group may 
